In order to solve the problem that the stepper motor is prone to out-of-step or overshoot in the case of open-loop control, this paper designs a digital signal processor (DSP) position closed-loop control of stepper motor. The overall structure of the system, the main hardware module and the incremental PID control algorithm are designed. Through experiment and simulation comparison of the open-loop control and PID closed-loop control effect, the results show that the position error can be kept within 0.2 o under closed-loop control, which can effectively improve the precision and dynamic performance of the stepper motor.
Introduction
The stepper motor is a discrete actuator that converts the pulse signal into a motor angular displacement or a line displacement [1] . When the stepper motor does not exceed the rated load, the speed and final stop position of the stepper motor depends only on the frequency and the number of pulses applied to the motor. Stepper motor can quickly start, reverse and brake. Because of its simple structure, easy control, cheap, more and more widely used in industrial location control occasions. In the actual position control system, if the use of open-loop control, it may bring the output accuracy is not high enough to meet the needs. Because in the open-loop control system can't know whether the motor out of step or overshoot. For high precision control case, general use of the stepper motor position closed-loop control. The closed-loop control of stepping motor based on PID algorithm can effectively solve the problem of out-of-step and overshoot [2] .
System overall program design
DSP and PC through the serial port software establish communication. The PC sends control motor position command to the DSP via the serial assistant. The DSP receives the instruction in an interrupted manner and converts the received control instruction into the execution instruction of the motor. The DSP sends out the required PWM signal and direction signal to the drive circuit according to the motor execution instruction. The real-time position of the motor is detected by the photoelectric encoder and feed back to the QEP module of the DSP. Through the PID algorithm, the DSP corrects the position error and realizes the precise position control of the stepper motor.
Stepper motor position control block diagram shown in Figure 1. 
Control Chip
TMS320F2812 has a powerful digital signal processing and computing power, but also has a relatively complete event management functions, suitable for embedded development [3] . DSP2812 maximum frequency up to 150MHZ, integrated conversion speed up to 80ns 12-bit 16-channel A / D converter, 16-channel PWM output channel. The DSP2812 also integrates QEP circuits, and with the use of photoelectric encoders can be used to detect motor rotation speed, direction and position of rotation. The role of the control chip in the stepper motor position control system is: (1) receive the position control command; (2) output control pulse and direction signal; (3) receive the photoelectric encoder feedback real-time position.
Stepper motor and its drive
The motor drive section includes stepper motors and stepper motor driver. In the case where the motor does not exceed the rated load, the displacement of the stepper motor and the numbers of input pulses are strictly proportional. As long as control the number of pulses, frequency, motor winding power sequence, we can get the required location, speed and direction of rotation. Two-phase hybrid stepper motor is a more common stepper motor, it has a high step frequency, fast response and so on. The system uses a 2-phase 4-wire hybrid stepper motor. The basic step angle of the motor is 1.8 o , the rated current is 1.2A and the driving voltage is 24V. Stepper motor can not be directly connected to the DC power. It should use a stepper motor driver to operate. Stepper motor drivers are composed of pulse generation control circuit, ring splitter, power drive circuit and motor overcurrent protection circuit [4] . This set of devices used the driver model is TB6560, by setting the Subdivision switch, we can achieve one-sixth of the step angle. The Figure 2 shows the hardware connection relationship. 
Photoelectric encoder
Photoelectric encoders are divided into absolute encoder and incremental encoder. Incremental photoelectric encoder is generally used in the angle measurement occasion, with a simple structure, small size, low price, high precision, fast response speed and other advantages [5] . The system is selected ROTARY type incremental photoelectric encoder, the supply voltage 5-24V DC power supply, the maximum response frequency of 100kHZ. The photo code is divided into 1024 grid, using A, B dual-channel upper and lower edge detection. The output is TTL voltage output. The resolution θb is 0.088 o , to meet the accuracy requirements. When the DSP module QEP circuit is in operation, the pins CAP1_QEP1 and the pin CAP2_QEP2 input two quadrature encoder pulse generated by the optical encoder A and B channels. CAP3_QEP3 input pulse generated by the Z channel, Z channel every revolution to produce a pulse, A, B, Z channel output shown in Figure 3 . The QEP circuit counts the rising and falling edges of the quadrature encoded pulse, and the count value is stored in T2CNT. The direction information and position information of the motor can be ( )
Discrete later
Equation (3) is the positional PID algorithm, for the stepper motor control system often used incremental PID, the algorithm is as follows.
Compared with the positional algorithm, the incremental PID control algorithm overcomes the accumulation of errors and the calculation is small. Therefore, in this system, the incremental PID algorithm is selected to control the position of the motor.
The system control program is in the CCS3.3 development environment using C language programming. The target location is sent to the DSP through the serial communication, the DSP receives the current position data sent back by the photoelectric encoder. The current position can be obtained by program calculation. By comparing the current position to the target position, the current position error can be obtained and the error positive and negative to determine the direction of rotation of the motor. Through the program set DSP GPIO module PWM2 pin for the general digital output pin, connect the direction control pin of the stepper motor driver. When the position error is positive, through the program set the pin is high level, so that the motor forward， otherwise, set to low level, control the motor reverse. The Δu (k) is obtained by the incremental PID algorithm of the error e(k), which determines the number of PWM waves to be output, and the PWM wave is output from the PWM1 pin of the GPIO module.Δu (k) determines the end position of the stepper motor. The Incremental PID control flow chart shown in Figure 4 . 
Experiment
In order to verify the feasibility of the control system, we use experiments and simulations as the means. Figure 5 is the experimental platform. As the stepper motor is a discrete actuator, in order to make the motor not jitter near the target value in the closed-loop test, when the error value is small, it is lower than the set threshold value, there is no output control pulse. At this point, the stepper motor can be considered to reach the target value. In the experiment, we set the threshold is equal to 0. 
Simulation
It is the simulation studies of the stepper motor position control system in MATLAB / Simulink environment [6] . In the simulation, the input excitation is a step signal, set the stepper motor driver for the 16 subdivision, step angle of 0. 
